We calculate the cross-sections for the processes ρJ/ψ → D 0D0 , ρJ/ψ → D 0D0 * (D 0 * D0 ) and ρJ/ψ → D 0 * D0 * using a QCD-motivated many-body overlap factor to modify the usual sum of two-body interaction model. The realistic Cornell potential has been used for pairwise interaction in the four quark Hamiltonian and noted to give lesser cross-sections as compared to the quadratic potential. The Resonating group method is employed along with the Born approximation which decouples its integral equations. It is pointed out that the additional QCD effect (a gluonic field ovelap factor) result in a significant suppression in the cross sections as compared to the more popular sum of two-body interaction.
I. INTRODUCTION
In the quark potential model the gluonic field energy in quantum chromodynamics (QCD) is modelled as the potential energy of the quarks. Its relation with QCD can be seen through the Born-Oppenheimer approach, used for hadronic physics in refs. [1] [2] [3] [4] . For one pair of quark and antiquark, Coulombic plus linear or Cornell form [5] for the quark antiquark potential provides a good fit to the total gluonic field energy for the the lattice simulations of the gluonic state Σ + g reported in refs. [6] [7] [8] and many earlier ones. For a quark antiquark pair, much use has been made of this potential model to find dynamical implications [9] . Weinstein and Isgur [10, 11] extended this through a sum of such two-body potentials and argued for the KK molecule interpretation of the f 0 (975) and a 0 (980) mesons. They variationally optimized a q 2q2 wave function and projected the q 2q2 state onto freewave functions to estimate a relative two meson wave function and an equivalent meson meson potential. T.
Barnes and E. Swanson further used the sum of pair-wise approach to calculate [12] LGT) results of UKQCD Collaboration [14] .
The quark exchange (diagrammatic) approach has been used [15, 16] for systems with charm and light quarks, the flavor sectors we address in the present paper. This model was used by Wong et. al. in refs. [17, 18] to calculate the cross sections for the dissociation of J/ψ and ψ ′ by π and ρ and later the dissociation cross sections for J/ψ, ψ ′ χ, Υ and Υ ′ in collision with π, ρ and K mesons. It is worthwhile judging if this model agrees to the lattice simulations of QCD. Such a comparison was made by UKQCD collaboration and coworkers who noted that the Cornell model extended in this simple way results in binding energy of two quarks and two antiquarks square geometry increasing with each quark separation, whereas the lattice simulations show [19] a decrease. Phenomenologically, the sum of pair wise interactions results in the long range van der Waal's interaction between color singlet mesons that contradicts the relevant experiments. Both of these problems were remedied [20] by multiplying the off-diagonal elements in the normalization and potential energy matrices, in the relevant color basis, through a space dependent f factor which approaches to 1 in the limit of all the distances approaching to zero and to zero in the limit of large separations.
The actual form of this gluonic field overlap factor f and fit of its parameter(s) to the relevant lattice simulations was improved through refs. [21] [22] [23] [24] . Meanwhile, ref. [25] calculated terms in the effective Hamiltonian for quark (and antiquark) kinetic energy operators. This allowed incorporating the quark motion, with the f factor appearing in the off-diagonal elements of the kinetic energy matrices as well. The f factor affects the linear independence of the color configurations. But still a two-states basis was found [23, 24] to be sufficient to well model the relevant computer simulations; we use 2 × 2 matrices. We have used the simplest (Gaussian) form of f that is used in ref. [24] along with the best fitted value of k f chosen in it. But, as in refs. [20, 26] , we multiply it by the matrix elements of the actual SU (3) color matrices. In these and related calculations [27, 28] for meson-meson cross-sections and bindings, resonating group method (mentioned below in section II) has been employed to use the wave function of a single cluster of a quark antiquark pair. These wave functions are taken to be those of the quadratic confinement; each potential energy is also quadratic in the four papers. In the present paper we fit the parameters of a Gaussian form to the numerically calculated eigenfunctions of the realistic Cornell potential for each cluster, and in the multiquark Hamiltonian we have Cornell potential for each pair-wise interaction. Here we incorporate the spin and flavor dependence and use Born approximation to report the cross sections for the processes
The values of T-Matrix elements (phase shifts) [26] are much less than 1 radian which indicates the validity of the Born approximation. It is expected since ref. [12] has in it that " There is much circumstantial evidence that high-order diagrams are relatively unimportant in hadron spectroscopy and in low energy scattering and decays (excluding the uū ↔ dd mixing)" and Born approximation means neglecting these high-order diagrams.
We report a comparison of incorporating the QCD-motivated improved overlap factor f with the more popular sum of two-body approach, along with those of almost a full use of the realistic Cornell potential and of replacing this by a computationally convenient quadratic potential. A quadratic potential is frequently used [29] [30] [31] [32] in the hadronic physics including the nucleon-nucleon interaction. In the old Isgur-Karl model, still used in ref. [33] , the leading order quark antiquark interaction is quadartic. Ding Xiaonan in ref. [34] used the quadratic and linear potentials for baryon baryon interaction and got similar phase shifts.
Qualitative properties of QCD Benzene found by assuming quadratic confinement in ref. [35] then found the uncertainty in the masses of benzene like structure with three diquark and colour octet states when compared with the linear confinement. Zahra Ghalenovi et. al. in ref. [36] used both linear and quadratic confinement along with Coulomb like term in the potential to calculate mass spectra of heavy and light scalar tetraquarks modelled as bound states of point-like diquark and diantiquark. They also introduced spin spin, spin isospin and isospin isospin interactions during their calculations and found the compatibility with mild influence of the confining potential.
The paper is organized as follows: In Sec. II, we write the total Hamiltonian of the four quark system in the sum of two body approach. And then we write the total state vector of diquark diantiquark system by using the adiabatic approximation. By using the Resonating Group Method we write the resultant integral equations. In Sec. III, we decouple the two coupled equations by using the Born approximation then we solve them. At the end of this section we describe the corresponding changes in the two equations for different studied processes. In Sec. IV we describe the formalism to obtain the cross sections. In Sec. V we describe the phenomenological fitting of the parameters. In Sec. VI we give the obtained cross sections for different processes. Further more we compare the cross sections for two different potentials. We also compare the cross sections for the Gaussian form of f with the simple sum of two body approach as well. A comparison with other works is also given there.
II. THE HAMILTONIAN AND GLUONIC BASIS
In the sum of two body potential model, the total Hamiltonian of the four quarks system is defined as
where
For the i th particle, m i is constituent quark mass, S i is the set of spin matrices, and F i is the set of SU(3) c matrices. 
Here b is string tension, α s is strong coupling constant and c is the self energy constant. We incorporate the energy and hence flavor dependence of the strong coupling and self energy constant by taking their values to be α s1 and c 1 for the mesons having quarks content uc, and α s2 , c 2 and α s3 , c 3 for the uū and cc clusters respectively. The phenomenological fitting of these parameters is given in Sec. V. In the same way, where we use for a comparison the quadratic potential
the three C ′ s along withC are phenomenologically fitted as in Sec. V.
The total state vector of our diquark diantiquark system can be written as
We have neglected the third topology of Fig. 1 because the lattice energies in Table IV of Ref.
[37] are essentially unaffected by this truncation. {|k g } is the gluonic basis which reduces to color basis {|1 13 1 24 , |1 14 1 23 } in the weak coupling limit. The spin basis is composed of
|2 s = |V 14 V 23 0,1 or 2 for ρJψ.
These spin states are explicitly defined with their overlaps and S.S matrix elements in the Appendix A. The flavor contents of first and 2nd channel are which gives
The four 3-vectors r 1 , r 2 , r3 and r4 can be replaced by their linear combinations as R c (center of mass) along with R k , y k and z k shown in Fig. 1 . This means
where r c = mc mu
. R 2 and R 3 are similarly defined. As in the resonating group method, we factorize the dependence on the three relative vectors as a product of the inter-cluster (R k ) dependence and the intra-clusters ( y k and z k ) dependence. This makes the total state vector as
ξ k (y k ) and ζ k (z k ) are intra-cluster wave functions which we take to be in Gaussian form as following
where d k1 and d k2 are corresponding mesonic sizes.
Substituting Eq. (12) in
δΨ|H − E|Ψ = 0 (15) and taking linearly independent variations only in χ k factor, along with performing the trivial R c integration using, say, a box normalization, we get (16) which defines two integral equations for k=1 and 2. The matrix elements of potential energy part of the Hamiltonian in our spin basis are given by
with
Now using the matrix elements of F i .F j operator in the colour basis [10] in the potential energy matrix, defined in Eq. (17) above, in gluonic basis modified by f model is given by
Here, f , is defined as [24] 
where k f is a parameter fitted to minimize the model and simulation binding energies. The color basis is non-orthogonal. Thus there is a non-trivial overlap matrix which is modified by the f -model to become
The k, l matrix element of the kinetic energy matrix (in a Hermitian form) in the gluonic basis is (16)). Performing the Fourier transform with respect to R 1 we get
In Eq. (24) V c , V hyp , K 12 and N 12 are defined as
We chose z-axis along P 1 and x-axis in the plane containing P 1 and P 2 . Naming the angle between P 1 and P 2 as θ, we get P 2x = P 2 Sinθ, P 2z = P 2 Cosθ, P 2y = 0, along with
Similarly, for the second channel, we take k = 2 in Eq. (16) and apply the same procedure as for Eq.(23) to get
V c and V hyp are same as in Eq. (23). K 21 and N 21 are defined as
rc
Above is for the processes ρJ/Ψ → D 0D0 and D 0D0 → ρJ/Ψ. Due to different spin states the hyperfine term for the process ρJ/ψ → D 0D0 * or D 0D0 * → ρJ/ψ is given instead by 
and all the remaining terms of Eqs. (24 and 30) are multiplied by a factor − 2/3, because the corresponding spin overlap of the above mentioned processes is 1/ √ 2.
For the process ρJ/ψ → D 0 * D0 * or D 0 * D0 * → ρJ/ψ the hyperfine term differs with the total spin. For total spin zero this becomes
and all the remaining terms of Eqs. (24 and 30) are multiplied by a factor 1/ √ 3, because the corresponding spin overlap of the above mentioned processes is −1/2. For total spin 2 the hyperfine term becomes 
and all the remaining terms of Eqs. (24 and 30) are multiplied by a factor −2/ √ 3, because the corresponding spin overlap of the above mentioned processes is 1. 
Here, C 1 is a constant of inter-quark potential (see Eq. 4) of cc mesons, C 2 is constant for cū or uc mesons and C 3 is constant for uū mesons. When we use quadratic potential in the coupled equations (16), the spin averaging is used to fit the parameters given in Sec. V and hence the hyperfine term is neglected.
IV. FINDING THE CROSS-SECTIONS
The T matrix elements can be read off from Eqs. (23) and (29) . These would be proportional to the coefficients (h 12 and h 21 ) of the non relativistic Green operators −1/ △ 1 (P 1 ) and −1/ △ 2 (P 2 ), where
That is, [27]
where i, j = 1, 2 and P j are relative momenta of two clusters for channel 1 and 2 defined as
Here M i , i = 1, 2, 3, 4 are corresponding meson masses and µ ij are reduce masses of corresponding mesons, v 1 = P 1 /µ 12 , v 2 = P 2 /µ 34 . Finally we get the spin averaged cross-sections by using the following equation [38] σ ij = 4π P 2 j J 2J + 1 (2s 1 + 1)(2s 2 + 1)
where J is the total spin of the two outgoing mesons and s 1 and s 2 are the spins of the two incoming mesons. 
VI. RESULTS AND CONCLUSIONS
The values of cross sections of
and corresponding inverse processes by using Cornell as well as quadratic potentials are given in figures (2) to (9) . These cross sections are first obtained by using f = 1 and latter by using In this reference only quadratic potential is used with f = 1 and Gaussian form of f . In our current work we are using broader spectrum to fit the parameters which cause a little change in these cross sections with this given reference. Moreover, in our recent work we are replacing quadratic potential by more realistic Cornell potential while keep using f =1
and Gaussian form of f as well. 
the spin overlaps are
By using the formalism S i .S j = (
the matrix elements of S i .S j in |1 0 and |2 0 basis were calculated to be
For total spin 1 we have following spin states 
